THE correction of electrolyte imbalance and the removal of retention products of the blood during renal failure is at present achieved by the use of artificial kidneys which permit the diffusion of solutes through a semi-permeable membrane. Several types of apparatus used successfully for hemodialysis include those described by Kolff and Watschinger (1956) and Alwall, Norviit, and Steins (1948) . Unfavourable reactions Which sometimes occur during dialysis are changes in the arterial blood pressure, hxmolysis, pyrogenic reactions, leukopaenia, and thrombocytopaenia. The maintenance of blood pressure is hazardous because of the large and variable volume in the extra-corporeal circulation; in the case of the Kolff twin-coil artificial kidney the volume of the blood in both loops is 750 ml. The other reactions are probably caused by the extensive surface area of cellophane tubing in contact with blood. To achieve a satisfactory clearance of solutes this arca must be about 18,000 sq. cm.
The use of an electric current to accelerate the diffusion of blood electrolytes across cellophane membranes has been described by Sorrentino (1958) . As a current is carried through a solution by charged ions, the rate of movement of ions across a menmbrane is directly proportional to the current passed, and is not determined by the surface area of the membrane. The apparatus to be described was constructed in order to determine what rates of ion-exchange could be safely achieved by electrodialysis. Instead of cellophane membranes, stiff sheets incorporating ion-exchange resiins were used, as in the apparatus described by Anderson and Wylam (1956) for the demineralization of plant extracts. In principle, it consists of a sheet A of resin permeable selectively to anions, and a sheet C permeable to cations (see fig.) . The electrolytes in solution 4-. a u B are removed by the constituent anions passing to the anode through sheet A, and the cations to the cathode through sheet C. The substitution of blood for solution B would cause the blood to become depleted in water and electrolytes, without removing blood corpuscles, protein or unionized solutes. METHODS. The apparatus consists of three perspex plates 15 x 15 cm. The centre plate, 2 mm. thick, has a continuous channel 5 mm. wide milled in a zig-zag pattern to conduct the fluid for dialysis. Grooves in the outer plates are made to correspond with the centre channel, and through these are threaded platinum wire electrodes. The plates are separated by two ion-exchange membranes, "Permaplex A-20 and C-20," supplied by the Permutit Company Ltd., London. The volume of fluid required to fill the centre channel is 16 ml., and with a perfusion pressure of about 20 cm. saline, the flow is 20 ml./min.
RESUsITS.
ElectrodWaysis of Saline.
A solution of 0.9 gm. per cent. NaCi was perfused at 20 ml./min. through each of the three channels. A potential difference of 10 volts was applied across the electrodes and a current of 1 amp. passed. Bubbles of gas forming around the electrodes were carried away by the stream of saline. The concentration of the effluent solution from the centre channel was found to be 0.72 gm. per cent. NaCI. By calculation, the rates of transport of sodium and chloride ions were 0.6 mEq./min., which is equivalent to 0.01 mEq./min./sq. cm. of membrane surface, as 60 sq. cm. of the membrane surface was utilized. Thus, with a current density of only 0.016 amp./sq. cm., the rate of ion-exchange per unit area of membrane was four times that obtained by diffusion in the Kolff twin-coil artificial kidney. By increasing the P.D. across the cell until a current of 2 amps. was obtained, the rates of ion transport were doubled. The apparatus functions as a demineralizing cell, but by increasing the concentration of saline in the anode and cathode channels, some actual exchange of ions takes place; some decrease of the osmolarity of the fluid in the centre channel always occurs, however, unless plain cellophane membranes are used.
Electrodialysis of Plasma.
Reconstituted plasma was passed through the centre channel at a rate of 20 ml./min. A constant P.D. of 13 volts was rnaintained, with an initial current of 1 amp. passing across the cell. There was a gradual decline of current over a period, and after 30 min. the current wvas only 0.5 amp. Measurement of the pH of the plasma before and after passage through the cell showed no significant change. On dismantling the cell, a scum was found on the membrane surfaces, more deposit being on the A-20 than on the C-20 membrane.
Electrodialysis of Blood.
Citrated blood was passed through the centre channel at 20 ml./min., and a P.D. of 13 volts applied to the cell. The decline in current was similar to that seen during plasma dialysis. The effluent blood was centrifuged and found to be' partially hamolysed. Hanmolysis ceased when the current was switched off. Perfusion of the cell with 0.9 gm. per cent. NaCi, immediately after the blood, failed to increase the conductivity of the cell, and the rate of extraction of NaCl was 0.25 mEq./min., with a current of 0.5 amp. Replacement of the saline in the anode and cathode channels by a buffer solution at pH 7.4 continued to cause haxmolysis except at currents below 0.5 amp. The ion-exchange membranes were removed and sheets of cellophane were inserted. Blood was passed through the cell, and hxmolysis again occurred when the current was increased to 1 amp. or more. A red scum rapidly formed on the membrane surfaces.
DiscusSION.
The rate at which ions can be removed from blood by electrodialysis is several times greater than that achieved by diffusion methods, but appears to be limited by the current density that can be passed through the blood without hamolysis. Presumably a greater membrane surface would allow greater currents to be passed with safety, but this would require a much larger apparatus and would negate the advantages of a small instrument containing a small constant volume of blood and with a small membrane surface area, rapid ion-exchange, and high clearance rate. The process causing hxmolysis is probably local variation of pH and osmolarity on the actual membrane surfaces, although no gross change in these factors is obvious in the effluent blood. The progressive loss of efficiency by deposition of protein and blood cells otn the membranes is another disadvantage which might be expected to increase with increasing current densities. Although there were no significant rises in temperature during these experiments, damage by heat might also be expected to occur with greater currents.
SUMMARY.
An apparatus is described for electrodialysis of blood, employing anion and cation exchange resin membranes. Although achieving greater rates of ion transport per unit area of membrane than simple diffusion methods, disadvantages as yet not overcome are hamolysis and protein precipitation, and these indicate that a practical dialvsis instrument working on this principle is unlikely to be developed.
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